Introduction
Safety-related occupational accidents are responsible for a considerable proportion of annual deaths and disabilities, and lead to enormous suffering in the affected individual workers and their families. Such accidents are also highly costly to employers [1] . The 2016 Annual Report published by the Korean Ministry of Employment and Labor reported an occupational accident rate of about 0.5% in 2015, during which 90,129 out of a total of 17,968,931 workers requested medical leave lasting 4 days or longer [2] . Although this accident rate was a slight decrease from 2014 (0.53%), the estimated economic loss from these accidents increased from KRW (Korean won) 19,632,795 million to KRW 20, 395 ,540 million, which suggests an urgent need for improved safety management.
Psychology researchers have long been investigating accident proneness [1] , with many studies demonstrating a link between occupational accidents and factors associated with safety behaviors, such as occupational stress, conscientiousness, cognitive failures, emotional stability, and safety-related internal/external control [3] . Zohar [4] defined safety climate as a basic psychological perception that employees share about how safe their work environment is. According to Zohar, safety climate comprises the following eight factors: the importance placed on safety training programs, the management's safety attitude, the impact of safety behaviors on promotion, the degree of risk present in the workplace, the effect of the work pace on safety, the safety manager's status, the impact of safety behaviors on social status, and the safety committee's status. Griffin and Neal [5] also defined safety climate as a kind of organizational climate that an individual experiences within the organization. According to Griffin and Neal's definition, safety climate comprises the following five factors: management's values, communication, safety practices, education/ training, and safety equipment.
Safety climate is often mentioned as an indicator of safetyrelated outcomes. Payne et al [6] argued that whenever researchers have identified safety climate as a leading indicator of safety outcomes, it is because they have related a prior measure of safety climate to a later measure of safety outcomes, and inversely they have identified safety climate as a lagging indicator because the previous measure of safety outcome can affect the current safety climate [6] . In other words, safety climate reflects the way the workplace safety policies are currently implemented and executed, and because it can have a direct impact on workers' safety behaviors, it can be used to predict future accidents. Furthermore, safety climate also reflects past safety-related behaviors, their personal consequences, and workers' perceptions of past accidents within the organization. For this reason, many studies compared workers personally affected by workplace accidents with workers unaffected by them within the same period. For example, Brown and Holmes [7] found that workers who had experienced workplace accidents exhibited a significantly lower level of safety concerns and behaviors than did workers who had not, which suggests that safety climate is a lagging indicator.
A similar Korean study was conducted by Kim and Park [8] , who defined safety climate as a web of perceptions based on individual workers' personal assessments of workplace safety characteristics, and tested Griffin and Neal's safety [5] climate model in Korea. Yi et al [9] tried to find the components of safety climate using a survey of 210 Korean shipbuilding industry workers. They identified the following components: managerial safety interventions, effectiveness of safety communication, safety education, assessment of physical work environment and potential hazards, colleagues' social support of safety climate, supervisors' supportive environment of safety climate, work pressure, workers' level of involvement, safety competence, and safety rules and procedures. These early safety climate studies focused on the specific organizational level, as the researchers believed that this was sufficient to represent the safety climate of the organization as a whole [10] . More recently, however, a different view has emerged, arguing that subgroups of workers must be distinguished within an organization according to their in-group homogeneity [11] .
As mentioned previously, occupational stress is an important contributing factor to workplace accidents. For instance, Clarke [12] has argued that psychological distress has a strong impact on safety outcomes, such as accidents and injuries. Siu et al [13] further reasoned that occupational stress is not ensconced within Western culture; rather, it appears to be a universal problem, including in Asia. Numerous other studies have strongly supported the links of workers' safety outcomes with occupational stress and safety behaviors [14] .
According to Kim et al [15] , the factors influencing workplace accidents can be divided into environmental and psychological factors, the latter of which are primarily associated with workers' stress. Kim and Ahn [16] argued that stress tends to be accompanied by negative psychological responses such as anxiety and depression, as well as negative physiological responses such as hypertension, cardiovascular acceleration, headache, and diminished awareness. According to researchers, these responses can lead to human errors, which subsequently increase the risk of workplace accidents. Therefore, minimizing workers' stress can be a way of reducing workplace safety accidents.
As for Korean research in terms of safety climate and occupational stress, Lee et al [17] examined the effects of safety culture on safety behaviors and accident rates among train operators. Lee [1] similarly conducted a study of railroad workers to examine the effects of failure in perception, conscientiousness, occupational stress, faith in safety control, and emotional stability on workers' safety behaviors and workplace accidents. However, again, most existing studies have focused on a single subgroup within the organization; few studies have examined safety climate and occupational stress among different subgroups such as direct workers and subcontracted workers.
Nonstandard forms of work such as subcontracting have emerged out of economic priority and uncertainties in the production market owing to changing technologies and regulations. This pressure has, unfortunately, encouraged subcontracted workers, owner-operators, and workers at small-scale workplaces to prioritize economic outcomes over running health and safety programs, regular health and safety risk assessment, safety education/training, and adequate supervision [18, 19] . The unstable nature of subcontracted workers' employment further increases their exposure to stress and degenerative disease, as well as jobspecific hazards [19] . Furthermore, subcontracted workers tend to have lower wages and inferior employment conditions to direct workers. Korea's shipbuilding industry, despite its key role in the Korea economy, has been particularly beleaguered because of weakening demand in recent years. The industry's plight has forced the consideration of employment restructuring for direct workers. The fact that the industry now employs a large number of subcontractors, coupled with the fact that there remains a considerable wage and benefit gap between direct workers and subcontracted workers, has been attracting a great deal of attention in the Korean society [20] . According to a study by Kim [21] , direct workers accounted for only 38.8% (57,785 workers) of the 149,030 workers employed in Korea's shipbuilding industry, with the remaining 61.2% (91,245 workers) being subcontracted workers.
In line with the current direction of safety climate and occupational stress research, the present study aims to identify the differences in safety climate and psychosocial factors such as occupational stress between direct workers and subcontracted workers at the same workplace. The study participants include individuals working for Korea's shipbuilding industry, which is the largest employer of subcontracted workers in Korea. Furthermore, we organized participants into subgroups based on their experience of workplace accidents and employment types (direct/subcontract).
Materials and methods

Participants and data collection
The participants included individuals employed or subcontracted by Korean shipbuilding companies with a minimum of 10,000 workers as of April 2016. A total of 284 study participants were ultimately selected from the pool, including 60 direct workers (21.1%) working for 2-year accident-free departments, 92 direct workers (32.2%) working for departments with a history of accidents within the same period, 59 subcontracted workers (20.7%) working for 2-year accident-free departments, and 73 subcontracted workers (25.7%) working for departments with a history of accidents in the same period. Table 1 shows the demographic data pertaining to the participants' sex and age including group. All participating individuals and departments were selected via random sampling. The survey questionnaires were hand-delivered to the workplace managers by the researcher, which were subsequently distributed to the participants to complete over a 2-to 3-day period (to accommodate the demands of their shift schedules). Upon completion, questionnaires were retrieved by the researcher.
Measurements
To measure safety climate, we used the scale used in Kim and Park's study [8] . This scale is based on Griffin and Neal's scale [5] , which measures safety knowledge, safety motivation, compliance behavior, participation behavior, management's values, communication, education and training, and safety regulations and systems. Furthermore, the items concerning participants' direct supervisors in this scale were adapted from those found in Zohar's scale [22] . Each item was rated on a 5-point scale, with higher scores indicating more robust safety climate. In Kim and Park's study [8] , the internal consistency of the scale was represented by the relatively high Cronbach's alpha coefficients of 0.87e0.95, whereas in the present study, the Cronbach's alpha coefficients ranged from 0.82 to 0.91.
The Korean Occupational Stress Scale (KOSS), which was developed by Jang et al [23] , was used to assess the overall stress level that an individual worker experiences at work. The scale comprises 43 items in eight subfactors: physical environment, job demand, job autonomy, relational conflict, job insecurity, organizational system, unfair compensation, and workplace culture. Each item is rated on a 4-point scale, with a higher score indicating a greater number of stressors and thus greater occupational stress. In the present study, Cronbach's alpha for the internal consistency was 0.66e0.85. Job autonomy was only excluded from the final analysis because of its low Cronbach's alpha coefficients (0.22).
Data analysis
To analyze the safety climate and occupational stress among shipbuilding industry workers working in the same workplace according to their employment type and experience of workplace accidents, we performed a two-way analysis of variance (ANOVA) while following the general linear modeling procedure. For the analysis, the independent variables were employment type (direct workers vs. subcontracted workers) and recent experience of accidents (2-year accident-free departments vs. departments with a history of accidents within same period), whereas the dependent variables were safety climate and KOSS scores. All data analyses were performed with SPSS Statistics 22 version by IBM. Among subcontracted workers, however, those working in accident departments showed rather high scores for the management values, direct supervisor, communication, education and training, safety practices, compliance behavior, and participation behavior subscales. Furthermore, this group of subcontracted workers showed a much more positive perception of safety climate in terms of the communication, safety practices, and participation behavior subscales than did the group of direct workers working for 2-year accident-free departments. Table 3 shows the mean scores, standard deviations, and twoway ANOVA results for the seven KOSS subscales according to employment type and accident experience. The results are as follows. Significant interactions between employment type and accident experience were observed for the subscales of physical environment (F ¼ 30.663, p < 0.001) and job demand (F ¼ 7.495, p < 0.01). The direct workers working in accident departments tended to have higher occupational stress in terms of the subscales of physical environment and job demand. Among the subcontracted workers, however, those working for 2-year accidentfree departments had a relatively high level of occupational stress.
Results
Safety climate
Occupational stress
In terms of job insecurity, we observed significant group differences according to their accident experience (F ¼ 4.3, p < 0.05) and employment type (F ¼ 10.762, p < 0.01). More specifically, participants working in accident departments showed relatively high job insecurity, whereas direct workers tended to have higher job insecurity than did their subcontracted counterparts.
In terms of the organizational system subscale, significant group differences were observed according to employment type (F ¼ 6.709, p < 0.05) and interaction effects (F ¼ 5.433, p < 0.05).
Overall, direct workers tended to have higher occupational stress associated with organizational system. By contrast, subcontracted workers working for 2-year accident-free departments tended to show greater occupational stress associated with organizational systems than did their counterparts working for accident departments.
Finally, in terms of organizational culture, significant group differences were observed according to accident experience (F ¼ 4.532, p < 0.05), with participants working in accident departments showing a higher level of occupational stress related to the organizational culture than participants working for 2-year accident-free departments. No statistically significant differences pertaining to relational conflict or unfair compensation were observed.
Discussion
The current study examined direct workers and subcontracted workers working for the same shipbuilding workplace. These participants were also distinguished according to employment type and recent accident experience within the past 2 years. The aim of the study was to examine the group differences in safety climate and occupational stress. The results are summarized as follows.
First, the direct workers working for 2-year accident-free departments showed a more robust safety climate in terms of the subscales of management value, direct supervisor, communication, education and training, safety practices, compliance behavior, and participation behavior than did their counterparts working in accident departments. However, a reverse trend was observed among subcontracted workers, with those working in accident departments showing a higher level of safety climate than did their counterparts working in the 2-year accident-free departments. In terms of the overall safety climate score, the direct workers working for 2-year accident-free departments had the highest safety climate in terms of the subscales of management values, direct supervisor, education and training, and compliance behavior. For the subscales of communication, safety practices, and participation behaviors, the subcontracted workers working in accident departments showed the highest scores.
As reported by Payne et al [6] , the fact that direct workers working in accident departments showed a less robust safety climate than those working for accident-free departments is likely representative of the former group's perception and experience of workplace accidents as a lagging indicator of safety climate. The results for the subcontracted workers working in accident departments, by contrast, deviate from those of existing studies of safety indicators. This outcome might be attributed to the relationship between employers and subcontractors. When an employer and a subcontractor sign a contract in South Korea, the employer tends to exert a great deal of control over the health and safety terms for the subcontractor. For example, following a workplace accident, employers might pressure subcontractors to participate in safety education programs or to put in place reinforced health and safety measures designed to prevent accident recurrences. This contract culture might have contributed to more positive perception of safety climate among subcontractors working in accident departments. Further support for this inference comes from the fact that subcontracted workers working in these departments scored the highest in participation behavior, safety practices, and communication.
Second, in terms of occupational stress, direct workers working in accident departments had high mean scores in the subscales of physical environment, job demand, job insecurity, organizational system, and workplace culture. Similarly, subcontracted workers working for 2-year accident-free departments had high mean scores in physical environment, job demand, organizational system, and workplace culture. And the former group also had the highest scores for occupational stress associated with job insecurity and the organizational system of all subgroups. Furthermore, overall, occupational stress associated with the organizational system was greater among direct workers than among subcontracted workers, whereas occupational stress stemming from workplace culture was higher among both direct workers and subcontracted workers working in accident departments compared to those working in accident-free departments.
The high occupational stress associated with physical environment, job demand, job insecurity, organizational system, and workplace culture observed in direct workers working in accident departments appears to support the results of Clarke [12] and Siu et al [13] , who suggested a link between occupational stress and workplace accidents. Furthermore, overall, direct workers working for the accident departments showed a more negative perception of safety climate, and a higher level of occupational stress associated with the physical environment and job demand. The higher level of occupational stress associated with job insecurity and the organizational system observed among direct workers might reflect the recent recession plaguing Korea's shipbuilding industry, which has undermined workers' job security, including that of the direct workers, as suggested by Park [20] . Although it is expected that direct workers initially might have had greater faith in the certainty of their continued employment than their subcontracted counterparts, the recent recession might have contributed to the growing job insecurity in this group of workers. In addition, for more than half of the safety climate subscales, direct workers had the highest overall scores, whereas subcontracted workers had the highest mean scores for occupational stress associated with physical environment, workplace culture, and unfair compensation. These findings are in line with the results of Mayhew et al [19] and Park [20] , who argued that subcontracted workers face inferior work conditions as well as lower health and safety measures than do direct workers.
The present study distinguishes itself from existing studies by conducting an on-site survey to statistically verify the differences in safety climate and occupational stress according to employment type and accident experience of workers in the same workplace.
Although not specifically mentioned in the Results section, we noted an outcome pattern similar to the overall pattern for accident-experienced direct workers (n ¼ 15) and their subcontracted counterparts (n ¼ 15) who were performing some of the same tasks in the same workgroup. This suggests a need to devise measures for managing the psychosocial factors influencing both direct workers and subcontracted workers in order to improve workplace health and safety as a whole.
Notwithstanding our results, this study has several limitations. First, participant subgroups were created without taking into account the actual employment makeup in the industry (i.e., the ratio of direct workers to subcontracted workers). Considering that subcontracted workers account for a far greater proportion of total industry employment when compared to direct workers, it would be beneficial for future studies to incorporate this fact when creating subgroups.
Second, although the more positive safety climate observed in subcontracted workers working in accident departments might be attributed to how subcontracts are typically concluded in South Korea, it would still be necessary to verify this inference with supporting evidence, such as by referring to actual safety education performance reports or records of prevention measures implemented during the past 2 years for this group of workers.
Third, the job autonomy subscale in the KOSS scale had low reliability in the present study. Although the low reliability might be attributable to the relatively small number of items (three) comprising this subscale, the fact that no existing studies using the same scale have reported this problem suggests that further research would be necessary regarding the use of the KOSS among direct workers and subcontracted workers.
Finally, both direct workers and subcontracted workers showed contrasting results regarding most of the safety climate and occupational stress measures depending on their experience of workplace accidents in the past 2 years. However, for certain occupational stress measures such as physical environment and job demand, subcontracted workers in 2-year accident-free departments showed higher stress, which is difficult to explain with the results of existing studies. Such outcomes are thus likely attributable to a methodological limitation of a simple and onedimensional survey. For future studies, incorporating participant interviews of each subgroup and performing a more detailed investigation of each subgroup's work conditions, etc., would be needed.
Despite these limitations, the present study's contributions are its examination of group differences in safety climate and occupational stress according to subgroups of employment type and recent accident experience in the department. Additionally, the significant group differences found in the current study suggest that effective management of the psychosocial factors associated with each group's safety climate and occupational stress is crucial to ensuring the health and safety of the workplace as a whole. According to Article 29 of Korea's Occupational Safety and Health Act (health and safety measures pertaining to contract business), employers are responsible for the prevention of occupational accidents among subcontracted workers, and the employer and subcontractor must engage in a joint effort to prevent occupational accidents by putting in place a managementelabor consultative body. Kim and Cho [18] reported that workplaces with a high level of trust between management and unions tend to have a lower accident rate, suggesting that unionemanagement relations influence occupational accidents to a degree. Furthermore, beyond the existing environmental and physical measures implemented, there is also a need to develop measures designed to effectively manage the psychosocial factors that influence workplace health and safety, in particular, those factors that influence the relationship between employers and subcontractors.
